AD  A053473 


AD-E400  040 


TECHN.CAL  REPORT  ARPAD-TR 77002 


THE  USE  OF  LOW  VISCOSITY  70/30  OCTOL 
IN  DRAGON  WARHEADS  M224 


WAlO-cMAR  F.  LARSEN 


DECEMBER  1977 


US  ARMY  ARMAMENT  RESEARCH  ^140  DEVELOPMENT  COMMAND 

PRODUCT  ASSU!^ANCC  DIRECTORATE 
DOVER.  NEW  JERSEY 


APPROVED  FOR  PUBLIC  RELEASE;  DISTL  BUTION  UNLIMITED. 


The  flndinita  in  this  report  are  not  to  be  •:»onstfnad 
as  an  official  Departxt'ant  of  the  Army  po&\i(m. 

DlBPOfSrnON 

Destroy  this  report  when  no  lonira.:  needed.  Do  not 
retnm  to  the  originator. 


security  CUAttiriCATlON  OF  THIS  PAGE  (Hhan 


REPORT  DOCUMENTATION  PAGE  befor^ c^mpletSg^orm 


TTNEPONT  NUMBCR  ^ 2.  OOVT  ACCESSION  NO.  3-  RECIPIENT'S  CATALOG  NUMBER 

Technical  Report  ARPAD-TR- 77002 


4.  title  rand  SufelllUJ  . 


USE  OF  LOW  VISCOSITY  70/3^  ^TOL  IN 
VGOTJ  ^|^EAD^J224  , * 


T.  AUTHORTa; 


•.  CONTRACT  OR  GRANT  NUMBERTaJ 


»■  PERFORMING  ORGANIZATION  NAME  ANO  AOORESt 

Product  Assurance  Directorate 
Picatinny  Arsenal 

Dover,  NJ  07801  


II.  CONTROLLING  OFFICE  NAME  AND  ADDRESS  ^ 

ARRADCOM,  PAD  f 

Artillery  Systems  Division  (DRDAR-QAR-R)  ^ 

Dover,  NJ  07801 


14.  unMITnRmn  artFurv  n auF  ^ppnra«r»  dllfm  .<  Man  rannnlllna  Q/Haal  I IS.  SECURITV 


10.  PROGRAM  ELEMENT,  PROJECT,  TASK 
AREA  4 WORK  UNIT  NUMBERS 


Unclassified 


S.  DISTRIBUTION  STATEMENT  Ce/ <4la  Rapaal) 


Approved  for  public  release;  distribution  unlimited. 


17.  OlSTHItUTION  STATCMCNT  (ol  thm  mb&tr*cl  in  BUek  30,  It  frotn  Report) 


19.  SUPPLCMCNTAPY  NOTC9 


IS.  KEY  WORDS  (Canllnum  on  rararaa  alda  i/naaaaaair  and  Identity  OF  Olocfe  niaibarj 

Octol,  high  viscosity  Octol  density 

Octol,  low  viscosity  HMX  distribution 

Octol  settling  characteristics  Penetration 


t*.  AMTBACr  fCiMrtfciit  ••  mwnm  ai*  M nmm^nnmr  mmt  kr  klock  ntjmkme) 

uRAGON  warheads  are  loaded  with  70/30  octol.  The  original  production 
loading  method  required  TNT  to  be  added  to  75/25  octol  to  dilute  it  to  70/30 
proportions.  When  the  octol  viscosity  exceeded  10.5  seconds,  it  was  difficult 
to  obtain  acceptable  cast  warheads.  Octol  can  be  made  initially  with  70%  HMX 
and  30%  TNT  in  different  viscosities.  Foi  this  test,  two  Octol  batches  with 
viscosities  of  7.8  seconds  and  4.5  seconds  were  used. 


DO  /.iTT.  un  EDITION  OF  I NOV  SB  IB  OEBOLE 


unclasbifiedX 

BCCURITT  CLASSIFICATION  OFXNIB  PAGE  fH 


t Oafa  Mnt0fd) 


'i’9  3 --y-/ 


SECUWITY  CLAStIFICATION  Of  THIS  PAOtflWmi  Omia  tnlmr»d> 


20.  ABSTRACT  (Continued) 

The  report  analyzes  the  test  results  of  DRAGON  warheads  filled  with 
octol  of  different  viscosities  for  the  purpose  of: 

1.  Comparing  penetration  performance. 

2.  Determining  the  distribution  of  HMX  by  percentage  auid  the  density  of 
octol  within  the  warhead. 

3.  Determining  if  there  is  a correlation  of  the  density  of  octol  left 
in  the  riser  to  the  density  of  octol  in  the  warhead. 

4.  Evaluating  the  penetration  performance  in  relation  to  the  percentage 
of  HMX  and  the  octol  density  in  the  rise. 

There  was  no  significant  difference  in  penetration  performance  for  the  octols 
tested. 

Virgin  70/30  octol  had  slightly  better  "settling"  characteristics  than 
cut  75/25  octol . 

The  measured  characteristics  of  the  octol  in  the  risers  of  the  fired 
warheads  were  not  good  indicators,  individually,  of  the  penetration  per- 
formance . 


’JNCLASSIPIED 

SCCUAITY  cl  AtSIFICATlON  OF  THIS  PAOCflFhtrt  Dsts 


TABLE  OF  CONTENTS 


Page  No. 


Introduction  1 

Objectives  3 

Analysis  of  Data  4 

Penetration  Performance,  DRAGON  Warheads,  4 

Virgin  70/30  Octol  vs  Cut  75/25  Octol 

Percent  HMX  and  Octol  Density  Distribution  5 

in  Warheads  and  Risers  - General 

Percent  HMX  by  Core,  Rows  and  Weighted  6 

Average  for  Warheads  and  Risers 

Weighted  Averages  11 

Octol  Density  by  Core,  Rows  and  Weighted  11 

Average  for  Warheads  and  Risers 

Estimated  Densities  of  Different  Types  of  Octol  18 

Estimated  Octol  Density  in  Warhead  when  Octol  18 

Density  in  Riser  is  Known 

Comparison  of  Estimated  Octol  Characteristics  20 

with  Measured  Octol  Characteristics 

Octol  Characteristics  in  Warheads  on  Either  26 

Side  of  Fired  Warhead  Versus  Penetration 

Adjusted  Estimated  Average  Octol  Character-  35 

istics  in  Warheads  Versus  Penetration 

Octol  Characteristics  in  Risers  Versus  Penetration  35 

Conclusions  47 

Recommendations  48 

References  49 


i 


Distribution  List 


100 


Tables 


1 Penetration  Performance,  DRAGON  Warheads  4 

Virgin  70/30  Octols  with  Different  Vis- 
cosities vs  Select  Octol  Cut  to  70/30  from 

75/25  Octol 

2 DRAGON  70/30  Virgin  Octol  1st  Test  - 7.8  8 

Second  Viscosity  - % HMX  Distribution  Summary 

3 DRAGON  70/30  Virgin  Octol  2nd  Test  - 5.4 

Second  Viscosity  - % HMX  Distribution  Summary  9 

4 DRAGON  70/30  Virgin  Octol  1st  Test  - 7.8  13 

Second  Viscosity  - Density  Distribution 

Summary 

5 DRAGON  70/30  Virgin  Octol  2nd  Test  - 5.4  14 

Second  Viscosity  - Density  Distribution 

Summary 

6.  Estimated  Densities  of  Different  Tyf-vs  of  18 

Octol 


7.  Estimated  Octol  Density  in  Wai'iead  Body  Based 
on  Riser  Octol  Density  - 1st  Test  - 7.8 
Second  Viscosity 

8.  Estimated  Octol  Density  in  Warhead  Body  Based 
on  Riser  Octol  Density  - 2nd  Test  - 5.4 
Second  Viscosity 

9.  Adjusted  Estimate  of  Octol  Density  in 
Warhead  1st  Test  - 7.8  Second  Viscosity 

10.  Adjusted  Estimate  of  Octol  Density  in 
Warhead  2nd  Test  - 5.4  Second  Viscosity 

11.  % HMX  § Octol  Density  in  Warheads  Either 
Side  of  Fired  Warhead  vs  Penetration  - 
1st  Test  - 7.8  Second  Viscosity 

12.  % HMX  5 Octol  Density  in  Warheads  Either 
Side  of  Fired  Warhead  vs  Penetration  - 
2nd  Test  - 5.4  Second  Viscosity 


21 


22 


23 


27 


29 


30 


13  Adj listed  Estimate  of  Octol  Density  in  36 

Warhead  vs  Penetration  - 1st  Test  - 7.8 

Second  Viscosity 

14  Adjusted  Estimate  of  Octol  Density  in  38 

Warhead  vs  Penetration  ~ 2nd  Test  - 5.4 

Second  Viscosity 

15  Octol  Characteristics  in  Risers  vs  40 

Penetration  - 1st  Test  - 7.8  Second 

Viscosity 

16  Octol  Characteristics  in  Risers  vs  41 

Penetration  - 2nd  Test  - 5.4  Second 

Viscosity 

17  Core  Sample  Analysis  - 1st  Test  - % HMX  - 51 

Virgin  70/30  Octol  - 7.8  Second  Viscosity 

18  Core  Sample  Analysis  - 1st  Test  - Octol  52 

Density  - Virgin  70/30  Octol  - 7.8  Second 

Viscosity 

19  Core  Sample  Analysis  - 2nd  Test  - % HMX  - 53 

Virgin  70/30  Octol  - 5,4  Second  Viscosity 

20  Core  Sample  Analysis  - 2nd  Test  - Octol  54 

Density  - Virgin  70/30  Octol  - 5.4  Second 

Viscosity 

21  DRAGON  Riser  Composition  Analysis,  Virgin  55 

70/30  Octol,  1st  Test  and  2nd  Test 

22A-22F  % HMX  by  Core,  Rows  and  Weighted  Average  56-61 

for  Warheads  and  Risers  - 1st  Test  - 70/30 
Virgin  Octol  - 7.8  Second  Viscosity 

23  DRAGON  Average  % HMX  Distribution  by  Row  62 

Location  - 1st  Test  - 70/30  Virgin  Octol  - 
7.8  Second  Viscosity 

24A-24F  % HMX  by  Core,  Rows  and  Weighted  Average  64-69 

for  Warheads  and  Risers  - 2nd  Test  - 70/30 
Virgin  Octol  - 5.4  Second  Viscosity 

25  DRAGON  Average  % HMX  Distribution  by  Row  70 

Location  - 2nd  Test  - 70/30  Virgin  Octol  - 
5.4  Second  Viscosity 


26A-26F  Octol  Density  by  Core,  Rows  and  Weighted 
Average  for  Warheads  and  Risers  - 1st  Test 

27  DRAGON  Average  Octol  Density  Distribution  by 
Row  Location  - 1st  Test  - 70/30  Virgin  Octol  - 
7.8  Second  Viscosity 

28A-28F  Octol  Density  by  Core,  Rows  and  Weighted 

Average  for  Warheads  and  Risers  - 2nd  Test 

29  DRAGON  Average  Octol  Density  Distribution  by 
Row  Location  - 2nd  Test  - 70/30  Virgin  Octol  - 
5.4  Second  Viscosity 


Figures 

1 DRAGON  Location  of  Core  Samples 

2 DRAGON  Warhead  Average  8 HMX  Distribution 
by  Row  Location 

3 DRAGON  Segment  Volumes 

4 DRAGON  Warhead  Average  Den.^-ity  Distribution 
by  Row  Location 

5 Average  % HMX  and  Density  Distribution  by 

Row  Location  - 1st  Test  - 7.8  Second  Viscosity 

6 Average  % HMX  and  Density  Distribution  by  Row 
Location  - 2nd  Test  - 5.4  Second  Viscosity 

7 Comparison  of  Estimated  Warhead  Octol 
Density  with  Weighted  Average  Density 

8 Adjusted  Estimated  Octol  Density  in  Warhead, 
70/30  Octol  - 7.8  Second  Viscosity  - 1st  Test 

9 Adjusted  Estimated  Octol  Density  in  Warhead, 
70/30  Octol  - 5.4  Second  Viscosity  - 2nd  Test 

10  Octol  Density  in  Warheads  Either  Side  of 
Fired  Warhead  vs  Penetration  - 1st  Test  - 
7.8  Second  Viscosity 

11  Octol  Density  in  Warheads  Either  Side  of 
Fired  Warhead  vs  Penetration  - 2nd  Test  - 
5.4  Second  Viscosity 


12  % HMX  in  Warheads  Either  Side  of  Fired  Warheads 

vs  Penetration  - 1st  Test  - 7,8  Second  Viscosity 


33 


13  % HMX  in  Warheads  Either  Side  of  Fired  Warheads  34 

vs  Penetration  - 2nd  Test  - 5.4  Second  Viscosity 

14  Adjusted  Estimated  Average  Octol  Density  in  37 

Warhead  vs  Penetration  - 1st  Test  - 7.8  Second 
Viscosity 

15  Adjusted  Estimated  Average  Octol  Density  in  39 

Warhead  vs  Penetration  - 2nd  Test  - 5.4  Second 
Viscosity 

16  % HMX  in  Riser  vs  Penetration  - 1st  Test  - 43 

7.8  Second  Viscosity 

17  % HMX  in  Riser  vs  Penetration  - 2nd  Test  - 44 

5.4  Second  Viscosity 

18  Octol  Density  in  Riser  vs  Penetration  - 45 

1st  Test  - 7,8  Second  Viscosity 

19  Octol  Density  in  Riser  vs  Penetration  - 46 

2nd  Test  - 5.4  Second  Viscosity 

20A-20F  Test  Data  by  Loading  Fixture  - 1st  Test  - 88-93 

70/30  Virgin  Octol  - 7.8  Second  Viscosity 

21A-21F  Test  Data  by  Loading  Fixture  - 2nd  Test  - 94-99 

70/30  Virgin  Octol  - 5,4  Second  Viscosity 


INTRODUCTION 


A Study  was  made  by  Mason  6 Hanger- Silas  Mason  Co.,  Inc., 
the  contractor  operating  the  Iowa  Army  Amnunltlon  Plant 
(lAAP)  on  the  effect  of  loading  shaped  charge  warheads  (TOW 
and  DRAGON)  with  viscous  Octol  (10.5  to  15  seconds) , and 
with  less  viscous  Octol  (below  10.5  seconds) , Ref.  1.  The 
less  viscous  Octol  was  referred  to  in  the  report  as  "Select” 
Octol  while  the  more  viscous  Octol  was  referred  to  as 
"Regular"  Octol. 

For  the  DRAGON  warheads,  only,  the  75/25  Octol  was  "cut" 
to  70/30  Octol  by  adding  TNT  to  the  mix. 

It  has  been  shown  in  DRAGON  warheads  that  when  the  per- 
cent (%)  HMX  can  be  Increased  around  the  shaped  charge  copper 
cone  the  penetration  performance  Is  significantly  increased. 
This  can  most  easily  be  accomplished  by  vibrating  the  warhead 
after  filling  it  with  "Select"  Octol.  The  higher  percent  HMX, 
In  the  warhead  body  must  come  from  the  riser  In  the  settling 
process. 

The  lAAP  contractor  recommended  that  "Select"  Octol  be 
used  on  a regular  basis  for  pouring  TOW  and  DRAGON  warheads. 

As  a result  of  this  recommendation.  Major  James  D. 

Tipton,  ARMCOM,  Rock  Island,  arranged  a meeting  at  Iowa  AAP 
for  13  January  1976  to  discuss  the  problem.  Invited  to 
attend  were  representatives  from  Armament  Command  (6) , Dragon 
Project  Office  (1),  Holston  Defense  Corp.  (1),  Iowa  AAP  (3), 
Mason  & Hanger  (4)  and  Plcatinny  Arsenal  (4) . 

It  was  decided  that  Holston  would  ship  two  batches  of 
Type  II  Octol  (70/304)  with  viscosity  limited  to  8 seconds 
max.  in  accordance  with  Military  Specification  MIL-O-45445 
to  Iowa  AAP  for  loading  and  testing  in  TOW  and  DRAGON  war- 
heads. In  this  study  the  following  terms  will  be  used  for 
easy  Identification: 

"Virgin"  70/30  Octol:  MIL-O-45445,  Type  II  Octol,  with  max. 
viscosity  of  8 seconds. 

"Select"  Octol:  75/25  Octol  with  a maximum  viscosity  of 
10.5  seconds. 

"Regular"  Octol:  75/25  Octol  with  viscosity  between  10.5-15 
seconds . 

"Cut"  Octol:  75/25  Octol  diluted  with  TNT  to  make  70/30  Octol. 

It  was  mutually  agreed  that  a production  sublot  of  225 
DRAGON  warheads  would  be  poured  using  the  first  batch  of 
Virgin  70/30  Octol  with  approximately  8 seconds  viscosity. 
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six  loading  fixtures  (Nos.  3,  10,  18,  26,  34,  42)  would  be 
selected.  Two  warheads  would  be  fired  for  penetration  per- 
formance and  the  remaining  three  warheads  from  each  selected 
fixture  would  be  sectioned  and  cored  at  prescribed  locations 
to  determine  percent  HMX,  percent  TNT  and  octol  density. 

Plcatlnny  Arsenal  was  tasked  with  analyzing  the  test 
data.  This  report  satisfies  that  task. 

The  225  warheads  for  the  first  test  were  poured  9 March 
1976  with  the  Virgin  70/30  octol  (sublot  B69) . The  random 
seunples  were  test  fired  11  March  and  cores  analyzed  12-15 
March  1976. 

For  the  first  test  the  Virgin  70/30  octol  consisted  of: 

HOL  505  - 4059  8.0  sec  1380  lb. 

HOL  505  - 4060  5.6  sec  120  lb. 

Estimated  viscosity  7.8  sec  KOff  lb.  totnl 

Another  225  DRAGON  warheads  were  poured  the  same  day  on 
the  same  line  1 using  75/25  octol  as  follows: 

HOL  530  - 2920  9.5  sec 

HOL  530  - 2922  9.7  sec 

This  was  diluted  to  70/30  octol  by  adding  TNT. 

The  octol  used  for  the  rest  of  the  month  of  March  1976 
was  75/25  octol  cut  to  70/30  with  an  attempt  to  keep  the 
viscosity  below  10.5  seconds. 

The  225  warheads  for  the  second  test  were  poured  25  May 
1976  with  Virgin  70/30  octol  (sublot  B-146) . The  remdom 
samples  were  test  fired  26  May  1976  and  cores  analyzed  1-17 
June  1976. 

For  the  second  test  the  Virgin  70/30  octol  consisted  of: 

HOL  505  - 4060  5.6  sec  1255  lb. 

HOL  505  - 4049  4.1  sec  241  lb. 

Estimated  viscosity  5.4  sec  1797  lb.  total 

For  the  first  test  the  DRAGON  warhead  precision  metals 
parts  were  from  Firestone  Lot  5-2  while  for  the  second  test 
they  were  from  Firestone  Lot  5-4.  There  is  no  reason  to 
believe  that  these  precision  metal  parts  would  be  a signi- 
ficant factor  contributing  to  variable  test  results. 
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OBJECTIVES 


(Note:  The  following  objectives  are  relatei  to  the 
DRAGON  warhead  only.) 

1.  To  compare  penetration  performance  of  Virgin  Type 
II  70/30  octol  to  Type  I 75/25  octol  cut  to  70/30 
octol. 

2.  To  determine  the  distribution  of  percent  RMX  and 
density  of  Virgin  70/30  octol  in  warheads. 

3.  To  determine  if  there  is  a correlation  of  octol 
density  in  the  riser  to  octol  density  in  the 
warhead . 

4.  To  evaluate  the  penetration  performance  in  rela- 
tion to  the  percent  HMX  and  the  octol  density  in 
the  riser. 

5.  To  evaluate  the  penetration  performance  in  rela- 
tion to  the  percent  HMX  and  the  octol  density  in 
warheads  on  the  loading  fixture  either  side  of 
the  fired  warhead. 

6.  To  evaluate  the  penetration  performance  of  warheads 
loaded  with  Virgin  70/30  octol  of  a 7.8  second  vis- 
cosity and  those  loaded  with  Virgin  70/30  octol  of 
a 5.4  second  viscosity. 
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ANALYSIS  OP  DATA 


Penatration  Perfomance  DRA^N  Warheads;  Virgin  70/30 
6ctol  V8  Cut  75/25  Octol  and  1.8  Second  Viscosity  Octol 
vs  5.4  Second  viscosity  OctoTI 

The  penetiatlon  performance  of  DRAGON  warheads  loaded 
with  Virgin  70/3G  octol  of  two  different  viscosities  (7.9 
rsfcond  and  5.4  second)  was  compared  with  each  other  and  with 
warheads  loaded  with  Cut  75/25  Octol. 

The  /irgin  70/30  Octol  with  7.8  second  xr'scosity  was 
poured  9 March  1976  as  sublet  number  B-69  using  standard 
operating  procedures.  DRAGON  warheads  of  sublot  number 
C-69  were  poured  the  same  day,  same  line,  different  shift, 
with  75/25  octol  from  Holston  #2920,  9.5  second  viscosity, 
and  Holston  #2922,  9.7  second  viscosity.  This  75/25  octol 
was  cut  with  TNT  to  make  70/30  octol. 

The  Virgin  70/30  Octol  with  5.4  second  viscosity  was 
poured  25  May  1976  as  sublot  B'’146.  DRAGON  warheads  of 
sublot  number  E-147  were  poured  one  day  later  on  26  May 
1976,  same  line,  same  shift,  with  75/25  octol  from  Holston 
#2937,  7.4  second  viscosity,  and  Holston  #3011,  7.5  second 
viscosity.  This  75/25  octol  was  cut  with  TNT  to  make  70/30 
octol. 


Penetration  Performance,  DRAGON  Warheads; 
Virgin  70/30  Octols  with  different  viscosities 

vs 

Select  Octol  cut  to  70/30  from  75/25  Octol 


Virgin 

70/30  Octol 
7.8  Sec.  Vis 
1st  Test 

r- 

Sublot  No. 

B-69 

No.  of  Test 

s.wts 

N 

12 

Average 

Penetration 

X 

Xl  + 7.79" 

75/25  cut  to 
70/30  Octol 
Poured  same 
day 


C-69 


8 


Xl  + 6.38" 


Virgin 

70/30  Octol 

5.4  Sec.  Vis. 
2nd  Test 

75/25  cut  to 
70/30  Octol 
Poured  day 
after  2nd 
Test 

B-146 

B-147 

12 

5 

Xl  + 7.90" 

Xl  + 8.70" 

TABLE  1 (CONT) 


Virgin 

70/30  Octol 

7.8  Sec.  Vis. 
1st  Test 

75/25  cut  to 
70/30  Octol 
Poured  same 
day 

Virgin 

70/30  Octol 
5.4  Sec.  Vis. 
2nd  Test 

75/25  cut  to 
70/30  Octol 
Poured  day 
after  2nd 
Test 

Standard 

Deviation 

S 

1.93" 

1.72" 

1.49- 

1.90- 

Highest 

Penetration 

Hi 

Xi,  + 10.00" 

Xj,  + 7.75" 

Xl  + 10.25" 

Xl  + 10.50- 

Lowest 

Penetration 

Lo 

Xl  + 3.50- 

Xi.  + 2.50- 

Xl  + 4.50- 

Xi.  + 1.90" 

Range 

R 

6.50" 

5.25" 

5.75" 

5.00" 

It  can  be  concluded  by  the  "t"  test  that  there  is  no 
reason  to  believe  that  the  "Virgin"  octol  differs  in  average 
performance  from  the  "Cut"  octol,  nor  that  the  7.8  second 
viscosity  "Virgin"  octol  differs  in  average  performance  from 
the  5.4  second  viscosity  "Virgin*  octol  at  the  90%  confi- 
dence level. 

Percent  HMX  and  Octol  Density  Distribution  in  Warheads 

and  Risers  - General 

From  each  of  the  predetermined  six  (6)  loading  fixtures, 
each  holding  five  (5)  DRAGON  warheads,  one  poured  warhead 
was  randomly  selected  to  be  fired  for  the  penetration  test. 
The  two  warheads  on  either  side  of  the  first  one  were  set 
aside  for  octol  analysis.  Of  the  remaining  two  warheads, 
one  was  lelected  for  firing  and  the  other  for  analysis.  In 
summary,  then,  two  warheads  were  fired  for  penetration  eval- 
uation for  a total  of  12  and  three  warheads  were  sectioned 
and  cored  for  determination  of  percent  HMX  and  octol  density 
distribution  for  a total  of  18. 

By  following  the  above  procedure  each  fired  warhead  was 
surrounded  by  two  warheads  which  produced  octol  information. 
In  earlier  studies  there  was  no  set  pattern  of  relating 
octol  analysis  to  penetration  performance.  In  several  cases, 
eight  warheads  were  fired  for  penetration  and  two  warheads 
analyzed  Ref.  4. 

In  addition,  the  30  risers  from  the  sample  warheads 
were  analyzed  for  octol  characteristics.  This  was  accom- 
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pllshed  by  melting  each  riser  and  determining  the  percent 
HMX  and  the  density  of  the  octol  in  the  whole  riser. 

The  raw  data  giving  the  body  and  the  riser  octol  in- 
formation are  given  in  Tables  18,  19,  20  and  21,  These 
results  have  been  used  and  recorded  in  different  forms 
throughout  this  report. 

The  location  of  core  samples  is  shown  in  Figure  1. 

The  test  done  in  March  1976  using  Virgin  70/30  Octol 
with  an  estimated  viscosity  of  7.8  seconds  will  be  referred 
to  as  the  Ist  Test,  while  the  test  done  in  May  1976  using 
Virgin  70/30  Octol  with  an  estimated  viscosity  of  5.4 
seconds  will  be  referred  to  as  the  2nd  Test. 

Percent  HMX  by  Core,  Rows  and  Weighted  Average  for 

Warheads  and  Risers 


The  raw  core  data  was  re-arranged  in  Tables  22A  through 
22F  and  in  Tables  24A  through  24F  so  that  the  percent  HMX 
could  be  averaged  by  rows  shown  in  Figure  1.  This  averaging 
simply  consisted  of  adding  the  % HMX  of  each  core  in  a row 
and  dividing  by  the  number  of  cores  in  the  row. 

The  % HMX  row  averages  were  further  listed  in  Tables  23 
and  25  to  see  if  there  were  any  differences  between  loading 
fixtures.  While  there  were  small  differences  in  the  over- 
all average  % HMX  in  the  warheads,  they  were  not  considered 
significant. 

The  % HMX  row  averages  for  the  18  DRAGON  warheads 
examined  were  summarized  in  Tables  2 and  3.  This  informa- 
tion was  plotted  on  Figure  2.  Also  plotted  on  Figure  2 
was  the  data  from  Picatlnny  Arsenal  Technical  Memorandum 
2134  for  75/25  octol  cut  to  70/30  Ref.  4.  From  these  three 
graphs  it  would  seem  that  the  Virgin  octol  had  better 
"settling"  characteristics  than  the  Cut  octol.  However, 
a generalization  of  this  kind  should  be  mrde  with  caution 
since  the  viscosity  of  the  Cut  octol  was  not  recorded  in 
TM  2134. 

Further,  these  graphs  indicate  that  the  5.4  second 
viscosity  octol  (2nd  Test)  has  more  HMX  settlement  than 
the  7.8  second  viscosity  octol  (1st  Test). 

The  % HMX  in  the  risers  has  been  recorded  in  Tables 
22A  through  22F  and  24A  through  24F, 
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DRAGOm  70/30  VIRGIN  OCTOL  2ND  TEST  - 5.4  SEC.  VISC 


AVERAGE  % HMX  DISTRIBDTION  BY  ROW  LOCATION 


Weighted  Averages 

In  order  to  be  able  to  compare  the  estimated  octol  den- 
sity in  the  warhead  based  on  the  octol  density  in  the  riser 
it  is  necessary  to  manipulate  the  core  data  to  obtain  an 
average  octol  density  In  the  warhead.  This  can  be  done  by 
assuming  the  core  data  represents  the  octol  in  the  segment 
froji  which  it  comes.  By  using  standard  mensuration  formulas, 
the  volumes  of  segments  A through  G were  computed  as  shown 
in  Figure  3. 

Each  row  average  is  multiplied  by  the  segment  voliiroe. 
These  products  are  added  together  and  divided  by  the  total 
warhead  volume  to  give  a weighted  average.  Weighted  aver- 
ages are  given  for  % HMX  in  Tables  22A  through  22F  and  in 
TeUules  24A  through  24F.  Weighted  averages  are  also  given 
for  octol  density  in  Tables  26A  through  26F  and  in  Tables 
28A  through  28F. 

Octol  Density  by  Core,  Rows  and  T4eighted  Average  for 

Warheads  ana  Risers 

The  raw  core  data  was  rearranged  in  Tables  26A  through 
26F  for  the  1st  test  and  in  Tables  28A  through  28F  for  the 
second  test  so  that  the  Octol  density  could  be  averaged  by 
rows. 


The  densities  were  listed  in  T£d}les  2 7 and  29  to 
investigate  differences  between  loading  fixtures.  Nothing 
significant  was  apparent. 

Tables  4 and  5 summarize  the  octol  densities  by  row 
for  the  36  DRAGON  warheads  inspected.  This  information  was 
plotted  on  Figure  4.  The  information  from  PA  Technical 
Memorandvun  2134  was  also  plotted  on  Figure  4 for  compari- 
son purposes. 

Inspection  of  Figure  4 does  not  show  quite  the  same 
settling  tendency,  as  measured  by  octol  density,  for  the 
5.4  second  viscosity  octol  as  was  shown  in  Figure  3 when 
the  % HMX  was  the  characteristic  being  measured. 

The  average  % HMX  and  the  average  octol  density  dis- 
tribution by  row  location  have  been  plotted  on  Figures  5 
and  6 for  the  first  and  second  tests  respectively. 

The  octol  density  of  the  risers  for  the  first  and 
second  tests  has  been  recorded  in  Tables  26A  through  26F 
and  28A  through  28F. 
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DRAGON  76/30  VIRGIN  OCTOL  - 1st  TEST  _ 7.3  SEC  VISC 
^ENSIXy-niSTRIBUTION  SUMMARY 


DRAGON  70/30  VIRGIN  OCTOL  2nd  TEST  - 5.4  SEC.  VISC 
DENSITY  DISTRIBUTION  SUMMARY 


14 


AVERAGE  DENSITY  DISTRIBUTION  BY  ROW  LOCATION 


AVERACT  % HMX  & DENSITY  DISTRIBOTION  BY  ROW  LOCATION 


Estimated  Densities  of  Different  Types  of  Octol 

Throughout  this  report  changes  in  octol  characteristics 
are  noted  due  to  various  factors  such  as  viscosity r settling, 
location  measured,  etc.  One  important  characteristic  is 
octol  density  because  it  can  be  accurately  measured  and  is 
a good  indicator  of  a change.  To  have  some  basis  to  evalu- 
ate  the  density  change.  Table  6 lists  the  estimated  densi- 
ties of  different  types  of  octol. 

TABLE  6 

ESTIMATED  DENSITIES  OF 
DIFFERENT  TYPES  OF  OCTOL 


GIVEN;  Density  of  HMX  - 1.90  gm/cc 
Density  of  TNT  - 1.65  gm/cc 

(Sources  PA  Tech.  Rept.  1740  "Properties  of  Explosives  of 
Military  Interest"  W.  R.  Tomlinson,  Jr.  April  1958) 


Formula;  

Density  of  Octol 

Type  of  OCTOL 
90/10 
85/15 
80/20 
75/25 
70/30 
65/35 
60/40 


% HMX  ^ % TNT 

Density  of  HMX  Density  of  TNT 

Density  of  OCTOL 
1.87  gm/cc 
1.86 
1.85 
1.84 
1.83 
1.31 
1.80 


Estimated  Octol  Density  .n  Warhead  when  Octol  Density 
in  j^lser  is  Known 


There  are  occasions,  such  as  after  a poor  penetration 
performance,  when  it  would  be  advantageous  to  know  the 
average  density  of  the  octol  in  the  warhead.  Unfortunately 
at  this  time,  there  is  no  accepted  production  nondestructive 
method  of  measuring  the  density  after  pouring  and  before 
firing. 
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The  following  protsedure  has  been  developed  by  the 
author  for  the  DRAGCm  warhead  where  settling  of  the  HMX 
^articles  through  the  proper  viscosity  of  the  explosive 
mix  and  vibration  of  t^'iie  warhead  is  so  important  to  the 
penetration  performance. 

The  procedure  and  formula  is  based  on  the  proposition 
that  the  whole  must  be  equal  to  the  sum  of  its  parts. 

Stated  another  way,,  what  is  in  the  warhead  body  and 
the  riser  must  have  comit  from  the  mixing  kettle.  There- 
fore# the  total  weight  of  the  explosive  (octol)  from  the 
kettle  equals  the  weight  of  the  warhead  octol  plus  (+} 
the  weight  of  the  riser  octol.  Further#  weight  equals 
density  multiplied  by  volume.  From  these  facts#  the 
following  density  formula  was  developed. 

FORMULA  (DENSITY) 

Total  Volume  Octol  x Cctol  Density  in  Kettle 
■ Volxime  Octol  in  Body  x Octol  Density 
in  Body  t Voluiae  Octol  in  Riser 
X Octol  Density  in  Riser 

VtDk  “ VbDb  + VrDr  (1) 

Where  V<j*  • Vol.  Octol  in  Whd.  Body  + Riser 
Dr  ■ Octol  Density  in  Kettle 
Vr  ■ Vol.  Octol  in  Body 

Dr  ■ Octol  Densi.ty  in  Body  (see  paragraph  on 
weighted  eiverages) 

Vn  ■ Vol.  Octol  in  Riser 

Dr  > Octol  Density  in  Riser 

Since  the  actual  dimenadons  of  the  octol  in  the  riser 
are  not  known  tiie  volume  of  the  riser  octol  was  calculated 
as  follows: 

Average  weight  of  Octol  from  10  risers  « 2.3  Ib/riser 

Aver,  density  from  18  risers  * 1.731  gm/cc 

Conversion  ■ 1.731  x .03613  * .0625  Ib/cu.  in. 

Vo  ■ 2, 38  • 36.80  cu.  in. 
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VtDk  - VbDb  + VrDr 
VbDb  - V^Dk  - VrDr 


Db  - VtPk  “ VrDr 
Vb 

where 

Vb  - 


54.12  cu.  in.  (Pig.  3 ) 


Vn  <■  36.80  cu.  in. 


« 90.92  cu.  in. 


Dr  - 1.83  gtn/cc  (70/30  average-Table  6) 
Dr  • Octol  density  in  Riser  (Variable) 


Db 


90.92  X 1.83  36.80 


54.12 


54.12 


Dr 


Db  « 3.0743  - 0.6800  Dr  (2) 

Using  equation  (2)  the  estimated  octol  density  in  each 
warhead  war  calculated  as  shown  in  Table  7 for  the  first 
test  using  7.8  second  viscosity  octol  and  in  Table  8 for 
the  second  test  using  5.4  second  viscosity  octol. 

Comparison  of  Estimated  Octol  Characteristics  with 

Measured  Ociol  dlfharacteristics 

-To  compare  the  estimated  octol  density  in  the  warhead 
(based  on  riser  data)  with  the  measured  (weighted  average) 
density  in  the  warhead r the  necessary  data  from  Table  7 
and  Tables  26A-26F  were  retabulated  in  Table  9.  The 
weighted  averages  were  put  in  sequential  order  so  that 
the  graph  Figure  7 could  be  easily  understood. 

The  weighted  average  and  the  estimated  warhead  octol 
densities  were  plotted  on  Figure  7.  At  first  glemce  it 
would  appear  that  the  estimated  density  was  greater  them 
the  measured  density.  It  is.  However,  the  general  slope 
of  the  estimated  graph  is  similar  to  the  weighted  average 
slope.  To  Investigate  this,  the  difference  was  found 
between  the  estimated  density  and  the  weighted  average  den- 
sity. The  average  (30  of  these  differences  was  calculated 
and  the  3?  subtracted  from  the  estimated  density.  These 
remainders  are  called  "adjusted  estimates".  The  adjusted 
estimates  of  octol  density  In  warheads  are  listed  in  Table 
9 and  plotted  on  Figure  8.  It  can  be  seen  that  the 
adjusted  density  "straddles"  the  measured  density. 
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TABLE  7 

ESTIMATED  OCTOL  DENSITY  IN  WARHEAD  BODY 
BASED  ON  RISER  OCTOL  DENSITY 
1st  TEST  - 7.8  SECOND  VISCOSITY 


LOADING  WARHEAD 


FIXTURE 


SERIAL 


DENSITY  FORM 


IN  RISER  3.0743  - 


ESTIMATE 


0.6800  D1  OCTOL 


1.1641 

1.9102 

1.1580 

1.9163 

1.1778 

1.8965 

1.1500 

1.9163 

1.1662 

1.9081 

1.1723 

1.9020 

1.1975 

1.8768 

1.1846 

1.8897 

1.1791 

1.8952 

1.1812 

1.8931 

1.1778 

1.8965 

1.1771 

1.8972 

1. 

1859 

’ 1. 

1710 

1. 

1778 

1. 

1866 

1. 

1805 

1. 

1886 

1.8884 


1.9033 


1.8965 


1.8877 


1.8938 


1.8857 


TABLE  8 

ESTIMATED  OCTOL  DENSITY  IN  WARHEAD  BODY 
BASED  ON  RISER  OCTOL  DENSITY 


LOADING  WARHEAD 


FIXTURE  SERIAL 


PO 


3.0743  - 


ESTIMATED 


0.6800  DR  OCTOL 


DENSITY 


IN  WHD. 


1.1104 

1.9639 

1.1030 

1.9713 

1.1084 

1.96S9 

8447 

1 1.673  1 

M ^ 

1.1376 

1.9367 

8449 

mmm 

« 

1.1431 

1.9312 

8450 

mrnrm 

■■■Hf 

1.1302 

1.9441 

1.1778 

1.8965 

1.1737 

1.9006 

1.1750 

1.8993 

1.1682 

1.9061 

1.1669 

1.9074 

1.1608 

1.9135 

1.1417 

1.9326 

1.1621 

1.9122 

1.0894 

1.9849 

ADJUSTED  Z8TXMATB  OF 
lit  TEST  - 7.8 


LOADING 

NARHEAD 

MB.\£ 

tURED 

IITY 

FIXTURE 

SERIAL 

DENC 

NO. 

NO. 

IN  W»D. 

NBXCUTED 

AVERAGE 

TABLE  26 

! 

mSm 

1 

|||H 

1 

42 

505 

1 1.8193 

2 

42 

501 

1.1 

1225 

1230 

3 

42 

503 

1.1 

4 

18 

389 

9 

18 

387 

1.8257 

« 

34 

414  ' 

L,82«l 

7 

26 

1.8261 

8 

10 

346 

1.8262 

9 

34 

412 

1.8266 

10 

26 

471 

1.8267 

11 

18 

390 

1.8269 

12 

10 

350 

1.8274 

13 

411 

1,8277 

14 

nB 

474 

1.8278 

15 

10 

348 

1.8297 

16 

3 

315 

1.8302 

17 

3 

314 

1.8306 

18 

3 

312 

1.8327 

L.  .fH 

■■Hii 

JS  9 

>CTOL  DBNSITY  XN  HAMIKAD 
IKCOND  VIBCOStTY  _ 

Iestikatbd  IdiffriuchcI' adjusted  measured 


E6T1HATE  I DENSITY 


iiULSJ. 

1.JB77 

1.8938 

1.87_«J 

i.iin 

hMV 

h. 9Ml 

i. iisis 

.1.8884 

1.8952 


. 0617 

__i_.8ie 

.0683 

1.825 

1.731 


..,,.1.1,103.. 

1.73.7 


..J..v74< 

1.734 


1.724 


1.737 


1.73,2 


1.715 


..-JUJ!3iL. 

1.703 


1.712 


70/30  OCIOI  - 7.8  SECOND  VISCOSITY  - 1st  TEST 


The  density  formula  Dg  (2)  can  now  be  rewritten  as: 

Db  ■ (3.0743  - 0.6800  Dr)  - PF  (3) 

where  PP  « a fudge  factor^ 

■>  X of  differences 
■ .071  gm/cc,  DRAGON 

The  same  procedure  was  nsed  for  the  second  test  (5.4 
second  viscosity) . The  adjusted  estimates  of  density  in 
the  warheads  are  given  in  Table  10  and  plotted  on  Figure  9. 
For  the  second  test  FF  .1035  gm/cc. 

Octol  ^aracteristics  in  Warheads  on  Either  Side  of 
^irad  Warhead  versus  Penetration 


Each  DRAGON  loading  fixture  accommodates  five  warheads 
at  one  time.  The  test  plan  specified  that  one  warhead  would 
be  randomly  selected  for  penetration  testing.  The  two  war- 
heads on  either  side  of  the  fired  warhead  would  be  sectioned 
and  cored  to  determine  the  octol  characteristics.  One  of  the 
remaining  two  warheads  was  then  selected  for  the  second 
penetration  test  and  the  fifth  warhead  cored. 

To  graphically  portray  this  test  arrangement » figures 
20A  through  20Ffor  the  first  test  and  figures  2iA  through 
2 IP  for  the  second  test  give  the  following  information: 

a.  Loading  fixture  number 

b.  Narhead  location  by  serial  number 

c.  Penetration  results 

d.  Percent  HMX  (weighted  average)  of  each  warhead 

e.  Average  percent  HMX  of  the  two  warheads  on 
either  side  of  the  fired  warhead 

f.  Octol  density  (weighted  average)  of  each  warhead 

g.  Average  octol  density  of  the  two  warheads  on 
either  side  of  the  fired  warhead 

The  percent  HMX  and  octol  density  in  warheads  on  either 
side  of  fired  warheads  versus  penetration  are  summarized  in 
Tables  11  and  12.  Thio  information  was  plotted.  Figures  12 
and  13  has  the  weighted  average  % HMX  in  warheads,  either 
side,  vs.  penetration.  The  observed  points  are  scattered. 

By  computer,  using  the  least-squares  method,  a "best  fit 
line"  was  determined  and  plotted. 

In  nice  manner.  Figures  10  and  11  show  the  observed 
points  anc  the  best  fit  line  for  the  octol  density  in  war- 
heads on  either  side  of  the  fired  warhead  versus  penetra- 
tion. 


26 


TABLE  10 

ADJUSTBD  BSTZMATE  OF  OCTOL  DENSITY  IN  HAKHEAD 
2nd  TEST 

5.4  SECOND  VISCOSITY 


LOADING 


FIXTURE 


NO. 


WARHEAD 


8BRI.a. 


NO. 


MEASURED  INTIMATED  IdIFFERENCI  ADJUSTED 


DENSITY  DENSITY  (BST-AVERM  ESTIMATE 


IN  VfBD.  IN  WHD. 


WEIGHTED 


FROM 


RISER  DAT 


AVERAGE 


TABLE  28  TABLE  B 


8609 

1.8142 

8608 

1.8161 

8526 

1.8165 

8606 

1.8176 

1.9849 


1.9122 


1.89« 

1.9326 


.1707 


.0961 


.0800 


1.8814 


1.8087 


1.8221 

1.9006 

1.8224 



1.8232 

1.9367 

1.8247 

1.9441 

1.8250 

1.9074 

1.8262 

1.9013 

1.8272 

1.9312 

1,8274 

1.9639 

1.8306 

1.9659 

1.8313 

1.9713 

.0735 


.1135 


.1194 


.0824 


,0751 


.1040 


.1400 


1.7971 


1.7924 


1.8332 


1.8406 


1.8039 


1.7978 


1.8277 


1.8eu4 


1.8624 


1.8678 


MEASURED 

DENSITY 

IN 

>y  RISER 


1.602 

1.709 

1.732 

1.67*9 

1.718 

1.716 

1.726 

" 1.686 
1.662 
1.716 
1.725 
1.681 
i.633 
1.630 
1.622 
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70/30  OCTOL  *'.  5.4  SEC  VISCOSITY  % 2nd  TEST 


OCTOL  DENSITY  IN  NEDS  EITHER  SIDE  OF  FIRED  WHD  VS  PENETRATION 
1st  TEST  - 7.8  SECX}ND  VISCOSITY 


2nd  TEST  - 5.4  SECOND  VISCOSITY 


EITHER  SIDE  OP  FIRED  HHD  VS  PENETRATION 


A SECCWD  VISCOSITY 


Three  figures  (12,  10,  11)  of  the  four  show  that  more 
HMX  in  the  warhead  gives  better  penetration. 

Adjusted  Estimated  Average  Octol  Characteristics  in 

Warhead  versus  Penetration 

Since  it  is  not  possible  to  chemically  analyze  warheads 
before  they  are  fired,  the  formula  developed  in  previous 
paragraph  based  on  riser  information  was  used  to  find  the 
adjusted  er.timated  average  octol  characteristics  of  the  war- 
head proper. 

These  calculated  values  of  octol  density  were  plotted 
against  the  penetration  achieved  when  fired  into  hardened 
steel  plates. 

The  octol  densities  in  the  DRAGON  warheads  poured  for 
the  first  and  second  tests  were  calculated  from  the  formula 
#3.  Table  13  shows  the  computations  for  the  first  test 
along  with  the  penetration  values.  This  information  was 
plotted  on  Figure  14. 

For  the  second  test  using  5.4  second  viscosity  70/30 
octol,  the  computations  are  shown  in  Table  14.  These 
estimated  warhead  octol  density  values  were  plotted  against 
the  corresponding  penetration  values  and  are  shown  in 
Figure  15. 

The  first  test  plot  in  Figure  14  conforms  to  the 
expected  performance,  while  the  second  test  plot  in  Figure 
15  does  not. 

Octol  Characteristics  in  Risers  versus  Penetration 

The  octol  characteristics  (%  HMX  and  octol  density) 
were  determined  for  each  riser.  Fcr  the  first  test  there 
was  a total  of  30  risers  analyzed  of  which  12  were  from 
warheads  which  were  fired  for  penetration  performance.  For 
the  second  test  a total  of  30  risers  were  also  analyzed. 
However,  the  analysis  of  the  first  nine  (9)  risers  gave 
inconclusive  results  for  the  % HMX  due  to  Improper  labora- 
tory technique.  Of  the  12  warheads  fired  for  the  second 
test,  8 risers  were  properly  analyzed  for  % HMX  and  all  12 
were  properly  analyzed  for  octol  density.  This  information 
on  the  octol  characteristics  in  the  risers  is  given  in  Table 
21.  For  the  first  test  the  riser  information  is  retabulated 
in  Table  15  and  for  the  second  test  Table  16  gives  the  riser 
date.  Both  tables  also  list  the  penetration  results. 

It  will  be  observed  in  Table  15  that  the  sequential 
order  of  the  octol  density  in  the  riser  is  not  the  same 
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TABLE  13 


ADJUSTED  ESTIMATE  OF  OCTOL  DENSITY  IN  WARHEAD 
VS  PENETRATION 

iBt  TEST  - 7.8  SEC.  VISCOSITY 


LOADING 

WARHEAD 

OCTOL 

A 

ESTIMATED 

ADJUSTED 

FIXTURE 

SERIAL 

DENSITY 

3.0743  - 

OCTOL 

ESTIMATE 

3 311  1.674  3.0743  - 


1.728 


1.1383  - 

1.9360 

1.8650 

8.50 

1.1750  - 

1.8993 

1.8283 

9.50 
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TABLE  14 

ADJUSTED  ESTIMATE  OP  OCTOL  DENSITY  IN  WARHEAD 
VS  PENETRATION 


2nd  TEST  - 5.4  SEC.  VISCOSITY 


3 

8412 

1.661 

3.0743  - 

1.1295  - 

1.9448 

1.8413 

tsmm 

1.661 

ft  ^ 

1.1295  - 

1.9448 

1.8413 

1.1601  - 

1.9142 

1.8107 

4.50 

1,1227  - 

1,9516 

1.8481 

6.00 

42  I 8607 1.692 

8610  1.670 


1.1506  - 

1.9237 

1.8202 

8.75 

1.1356  ■ 

1.9387  1 

1.8352 

7.25 
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TABLE  15 


OCTOL  CHARACTERISTICS  IN  RISERS 
VS  PEHETRATION 

lat  TEST  - 7.8  SECOND  VISCOSITY 


TABLE  16 


OCTOL  CHARACTEBI8TICS  IN  RISBHS 
VS  PENETRATION 


2nd  TEST  - 5.4  SECOND  VISCOSITY 
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sequential  order  of  the  % KMX.  Since  It  Is  logical  to  ex- 
pect a correlation  between  % HMX  and  octol  density  the  fact 
that  the  sequential  orders  do  not  agree  would  indicate  that 
something  is  amiss.  This  may  be  the  method  of  determining 
the  octol  characteristics,  the  accuracy  of  medclng  the 
measurements,  or  because  of  some  other  factor  not  immedia- 
tely apparent. 

By  comparison,  the  penetration  of  warhead  #415  of  3.50" 
is  low.  The  next  lowest  value  is  5.50”.  The  low  penetra- 
tion values  of  3.50"  and  5,50"  were  from  warheads  poured  on 
the  same  loading  fixture.  No.  34  (See  Fig.  26D) . The  highest 
value  is  10.00"  with  an  average  for  the  eleven  (without  #415) 
DRAGON  warheads  at  8.18".  The  % HMX  and  the  octol  density 
for  warhead  #415  is  in  the  mid-range  of  their  respective 
values  so  the  lower  penetration  must  be  due  to  one  of  the 
other  variables  which  can  cause  poorer  performance.  This 
aaxae  type  of  situation  also  applies  to  Table  16. 

The  plots  of  the  % HMX  in  the  riser  versus  penetration 
are  shown  in  Figure  16  for  the  first  test  using  7.8  second 
viscosity  octol  and  in  Figure  17  for  the  second  test  using 
5.4  second  viscosity  octol.  The  slope  of  the  "lest  fit  line" 
in  Figure  16  agrees  with  preconceived  ideas  as  F>Z’eviou8ly 
discussed. 

The  slope  of  the  *best  fit  line"  in  Figure  17  is  in 
the  opposite  direction. 

The  octol  densities  in  the  risers  versus  the  penetra- 
tion results  are  shown  in  Figures  18  and  19 , first  and 
second  tests  respectively. 
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2nd  TEST  - 5.4  SECOND  VISCOSITY 


CONCLUSIONS 


1.  By  the  statistics.!  "t"  test  at  the  901^  confidence  level 
there  fs  no  reason  to  believe  that  the  Virgin  70/30 
octol  differs  In  average  penetration  performance  from 
the  75/25  octol  diluted  to  70/30  octol.  See  Table  1. 

2.  There  were  no  significant  differences  in  the  octol 
characteristics  (%  HHX  and  density)  between  loading 
fixtures.  See  Tables  2,  3,  4 and  5. 

3.  There  were  no  significant  differences  in  the  octol 
characteristics  between  the  warheads  on  one  loading 
fixture.  See  Tables  23,  25,  27  and  29. 

4.  From  limited  data,  it  appears  that  Virgin  70/30  octol 
has  slightly  better  "settling”  characteristics  than 
cut  75/25  octol.  See  Figures  2 and  4. 

5.  There  is  reasonable  correlation  between  octol  density 
and  % HMX  distribution  within  the  DRAGON  warheads. 

See  Figures  5 and  6 . 

6.  Given  the  characteristics  of  the  octol  in  the  riser, 

a close  approximation  can  be  made  of  the  octol  density 
in  the  warhead.  See  Figures  8 and  9. 

7*  The  weighted  averages  of  the  octol  characteristics 
(density  and  % HMX)  of  the  warheads  on  the  loading 
fixture  either  side  of  the  fired  warheads  were  not 
good  indicators  of  the  penetration  performance.  See 
Figures  10,  11,  12  and  13. 

8.  The  adjusted  estimated  average  octol  characteristics 
(calculated  from  octol  characteristics  in  the  risers) 
of  the  fired  warheads  were  not  good  indicators, 
individually,  of  the  penetration  performance.  See 
Figures  14  and  15. 

9.  The  measured  characteristics  of  tUe  octol  in  the  risers 
of  the  fired  warheads  were  not  good  indicators, 
individually,  of  the  penetration  performance.  See 
Figures  16,  17,  18  and  19. 
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RECOMMENDATIONS 


1.  In  the  Interest  of  increasing  our  knowledge  of  the 
settling  characteristics  of  octol  in  DRAGON  warheads, 
it  is  reconmended  that  the  risers  of  DRAGON  warheads 
which  fail  the  lot  acceptance  penetration  tests  be 
chemically  analyzed  to  determine  the  average  octol 
density  and  the  average  percent  HMX  in  those  risers. 

2.  Further  knowledge  would  be  gained  if  the  risers  of 
DRAGON  warheads  which  demonstrated  extremely  high 
penetration  values  were  chemically  analyzed  as  above. 

3.  One  hundred  (100)  analyses  for  each  of  the  above 
conditions  for  a total  of  200  should  indicate  a 
difference  in  settling.  The  chemical  analysis 
would  cost  about  4K. 
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TABLE  21 

RISER  C0NR08ITZ0N  ANALYSIS 
VIRGIN  70/30  OCTOL 


2nd 


t HMX 


TEST  - 5.4  S 


OCTOL 

DENSITY 


389 

46.69 

1.742 

390 

47.99 

1.734 

471 

50.76 

1.744 

472 

47.63 

1.737 

473 

45.99 

1.722 

474 

48.31 

1.732 

47.79 

1.732 

46.61 

1.716 

49.60 

1.740 

44.68 

1.725 

47.92 

1.733 

51.23 


48.74 


46.30 


1.732 


1.733 


1.726 


1.728 


411 

49.33 

iSZQH 

8566 

41.38 

1.718 

412 

51.29 

1.732 

8567 

1.706 

413 

49.69 

1.744 

8568 

43.55 

1.716 

414 

47.78 

1.731 

8569 

36.88 

1.651 

415 

48.42 

1.734 

8570 

39.49 

1.707 

501 

52.64 

1.745 

8606 

44.08 

1.679 

502 

50.41 

1.731 

8607 

43.28 

1.692 

503 

51.48 

1.736 

8608 

46.19 

1.709 

504 

39.55 

1.722 

8609 

42.35 

1.602 

505 

51.12 

1.748 

8610 

48.37 

1.670 

TABLE  22A  1st  TEST 

70/30  VIROIH  OCTOL  - 7.8  SECOND  VISCOSITY 
LOAOXHO  rZXTUBE  MO.  3 

% HMX  BY  CORE,  ROMS  AND  MEZGHTED  AVERAGE  FOR  WARHEADS, 
AND  RISERS 


TABLE  22B 


VS 


tOAOIKS  FIXTURE  HO.  10 
% KMX 

•346  4346 


1350 


TABLE  22D 

LOAOZNG  FIXTURE  NO.  34 
% HMX 


CORE/ROH  VOLUME 


% KMX 


% HMX 


% HMX  ic  VS 


TABLE  22E 

LOADING  FIXTURE  NO.  26 
% KMX 


SEGMENT 

CORE/ROW  VOLUME 


% KMX  X vs 


til4^ 

% KMX  C vs 


B I 8.07 


(fig. 3) 
11.86 


85.00 

85.47 

85.24 1010.95 


84.86 

85.14 

85.00  1008.10 


84.98 

84.54 


1002.64 


84.45 

84.52 

84.49 


681.83 


84.08 

84.23 

84.16 


84.42 

-84.49  , 

-84.46 


681.59 


81.88 

81.67 

81.78 


797.36 


83.69 

83.31 

83.50 


814.13 


74.46 

75.66 

75.95 

74.29 


75.09 


685.57 


75.91 

79.00 

78.12 

75.07 

77.03 


83.97 

83.68 

83.83 

75.49 


703.28 


77.25 

75.58 

76.47 


698.17 


73.63 

76.17 

73.54, 

74.4!) 


521.89 


73.28 

76.17 

73.36 

74.27 


520.63 


73.58 

75.81 

73.50 

74.30 


520.84 


72.47 
74.33 
72. 4 r 


72.33 

73.73 

71.91 


17  G 


TOTAL 


AVERAGE 


4.86 

73.0'8 

355.17 

72.66 

353.13 

3.44 

69.72 

239.84 

67.94 

233.71 

54.12 

4292.61 

4312.15 

79.32 

79.68 

HiHIl 

50.76 

„45.a2- 

72.43 

74.84 

72.85 
73.37 


356.58 


69.70  239,77 

4316.93 

79.77 


I 


TABI^  23  (CONT) 

AVERAGE  % HMX  DISTRIBOTIOS  BY  BOW  LCXIATIOM 
1ST  TEST  - 70/30  VIRGIN  OCTOL 


tabu:  24B 

LOADING  FIXTURE  NO.  10 
% KMX  BY  CORE,  ROMS  AND  WEIGHTED  AVERAGE 
FOR  WARHEADS;  AND  RISERS 


SEGMENT 

CORE/ ROW  VOLUME 


« UMX  k va 


% KMX  Jc  va 


% KMX  k va 


TABLE  24C 

LOADING  FIXTURE  NO.  18 
% HMX  BY  CORE,  ROVJS  AND  WEIGHTED  AVERAGE 
FOR  WARHEADS  AND  RISERS 

487  __  >8489 


SEGMENT 

CORE/BOW  I VOLUME  I * HMX  x|  VB 


x]  VI 


TABLE  24D 

LOADING  FIXTURE  NO.  26 
% HMX  BY  CORE,  ROWS  AND  WEIGHTED  AVERAGE 
FOR  WARHEADS  AND  RISERS 
VB  18526  #8528 


SEGMENT 

CORE/ROW  VOLUME  % HMX  X va 


*8529 


% HMX  xl  V8 


67 


TABLE  24E 

LOADING  FIXTURE  NO.  34 
% HMX  BY  CORE,  ROWS  AND  WEIGHTED  AVERAGE 
FOR  WARHEADS  AND  RISERS 

V8  t'B566 18568  _ 

SEGMENT  [ 1 nr  I 

CORE/ROW  VOLUME  1 % HMX  X VS  % HMX  x V8 


|85?P__ 
% HMX  X VS 


SEGMENT 

CORE/ROH  VOLUME 


TABLE  24F 

LOADING  FIXTURE  NO.  42 
% UMX  BY  CORE,  ROWS  AND  WEIGHTED  AVERAGE 
FOR  WARHEADS  Al^D  RICERS 

. UfQJB 


— "T 

% HMX 


DRAGON  AVERAGE  % ES  DISTR-.BOTIOW  3Y  ROW  LOCATION 
2ND  TEST  — 70/30  VIRGIN  OCTOL 


TABLE  25  (CONT) 

DRAGON  AVERAGE  % HMX  DISTRIBUTION  BY  ROW  LOCATION 
2ND  TEST  — 70/30  VIRGIN  OCTOL 


TABLE  26A 


LOADING  FIXTURE  NO.  3 
OCTOL  DENSITX  BY  CORE,  ROWS  AND  WEIGHTED 
AVERAGE  FOR  WARHEADS . AND  RISERS  - 1ST  TEST 


4312 „ 1.314_ ms 


CORE/ROW 

SEGMENT 

VOLUME 

vs 

VS 

qm/cc  X 

vs 

1 

iBgPiW 

gni 

1.847 

2 

1.847 

1.346 

A 

11.86 

1.8450 

21.8817 

1.8470 

21.9054 

1.8450 

21.8817 

3 

1.845 

nH 

1.843 

4 

1.846 

1.845 

1.850 

B 

8.07 

1.8455 

14.8932 

1.8440 

14.8811 

1.8465 

14.9013 

5 

1.842 

1.841 

1.840 

6 

1.843 

1.839 

1.840 

C 

9.75 

1.8425 

17.9644 

1.8400 

17.9400 

1.8400 

17.9400 

mnni 

...7 

1.818 

e 

1.824 

1.819 

9 

1.833 

1.823 

1.819 

10 

1.827 

1.821 

1.817 

D 

9.13 

1.8288 

16.6969 

1.8215 

16.6303 

1.8178 

16.5965 

11 

1.814 

1.812 

1.813 

12 

1.817 

1.813 

1.816 

13 

1.815 

1.815 

1.813 

E 

7.01 

1.8153 

12.7253 

1.8133 

12.7112 

1.8140 

12.7161 

14 

(IBQIIII 

1.812 

1.812 

15 

1.816 

1.813 

1.817 

16 

1.812 

1.812 

1.812 

F 

4.86 

1.8133 

__.8..8126_ 

1.8123 

8.8078 

1.8137 

8.8146 

17  G 

3.44 

1.805 

6.2092 

1.802 

6.1989 

1.802 

6.1989 

TOTAL 

54.12 

99.1833 

99.0747 

99.0491 

AVERAGE 

1.8327 

1.8306 

1.8302 

1 

RISER 

1.712 

1 1.703 

1.732 

1 

72 


TABLE  26B 

LOADING  FIXTURE  NO.  10 
1ST  TEST 
OCrOL  DENSITY 


SEGMENT 

CORE/BOW  VOLUME 


n/cc  M Vfl 


gtn/cc  ^vs 


gro/cc  X va 


73 


TABLK  26D 


COBg/WDW 

2 

A 


7 

8 
S 

10 


11 

12 

13 


vn 


14 

15. 

16 


. 17_^ 

TOTAL 


SKflKKMT 

VOLUMT, 


11. Bb 


8.0V 


9.75 


9.13 


7.01 


LOADING  riXTORE  NO.  34 
18T  TBST 
OCTOI.  DKNfllTY 
(411  M12 


<tn/oo 

1.840 

1.843 

l.U41*i 


1,841 

1.839 

1.8400 


1,839 

1.838 

1.8375 


1.819 
1.830 

1.820 
1.81S 
1.8210 


1, 81_b_ 



1.811 


1.8157 


1.802 


1.808 

1.808 


4.86 


1.8060 


3.44 


1.796 


54.12 


1414 


vn 


21.8402 


14.8488 


17.9156 


16.6257 


12.72C1 


ym/on 

1.041 

1.845 

1.8430 


1.848 

1.847 

1.8475 


1.837 

1.835 

.1.8360 


1.813 

1.815 

1.813 

1.812 

1.  3133 


Jb8j.O._ 

1.8107 


8.7772 


6.1762 


98.9138 


1.804 


1.8C8 


1.805 


1.8057 


1.792 


va 


21.0580 


14.9093 


cpn/oo 

kbTT 

1.844 

.1.8135 


17.9010  . 


16.5554 


12.6930 


8,7757 


6.1645 


98.8569 


1 ,H41 
1.04  3 
1.8420 


1,836 

1.B39 

1-8375 


1.813 

li.016. 

.1 J18  . 

1.813 

1.B150 


1.808 

1.807 


1,8077 


va 


21,86  19 


14.8649 


17.ai56 


16.5710 


12.6720 


1.805 


1.80: 


1,8033 


1.796 


8.7640 


6.1782 


98.8296 


TAiiu:  acB 

LOAOZNC  rZXTUlU:  NO.  36 
1117  TBBT 
OCTOL  blNfiZTY 


V*  /I 

OKQNXHT 

CXJWVNON  VOMIHK  <fm/aa  t v« 

1 (fig. 3)  1.M4 

2 I 

K 11.86 


giv/oo 

T.’t42 

1. 843 


1.843S  21.8639  11.8425  21.8521  1.8430  23. 65X0 


9m/oa 

1.843 

1.843 


TAB^B  2ir 

loading  rlXTURK  MO.  42 
1ST  TEST 
OCTOL  DENSITY 


1501  9503  #505 


CORE/ROff 

SEGMENT 

VOUME 

gu/ac 

E va 

gn/cc 

X vs 

gn/co  ; 

vs 

-1  . . 

(fig.  3) 

1.844 

1.839 

2 

1.843 

1.837 

A 

11.86 

1.8433 

21.8639 

1.8435 

21.8639 

1.8380 

21.7987 

mm 

..i 

jHHIIliH 

1.841 

1.820 

4 

1.840 

1.828 

B 

8.07 

1.8385 

14.8367 

1.8405 

14  8528 

1.8240 

14.7197 

mHumi 

■■■■ 

3 

1.826 

1.815 

6 

BBS 

1.826 

1.821 

C 

9.75 

1.8245 

17.7889 

1.8260 

17.8035 

1.8180 

17.7255 

7 

1.808 

1.810 

1.814 

8 

1.811 

1.812 

1.810 

9 

1.812 

1.813 

IP 

1.807 

1.809 

1.812 

D 

9.13 

1.8090 

16.5162 

1.8108 

16.5326 

1.8123 

16.5463 

11 

1.806 

1.806 

i.ais 

12 

1.815 

1.810 

1.811 

13 

1.807 

1.807 

1.813 

E 

7.01 

1.8093 

12.6832 

1.8077 

12.6720 

1.8130 

12.7091 

14 

1.801 

1.806 

1.812 

15  _ 

1.808 

1.806 

1.806 

• 

le 

1.802 

1.805 

1.816 

JC 

4.86 

1.8037 

8.7660 

1.8057 

8.7757 

1.8113 

8.8029 

17  G 

3.44 

1.796 

6.1782 

juyo. 

6.1576 



-_6U576 

TOTAL 

54.12 

98.6331 

98.6581 

98.4598 

J..S2'’5 

BIR$f!B 

1 RIQI 

r 

RISER 

1 

1.736 

1.748 

. _ 1 

77 


TABLE  27 

GON  AVEHAGE  OCTOL  DENSITY  DISTRIBOTICXJ  BY  ROW  LOCATION 


78 


27  (Cont'd) 


1 

1 


g M 
M ea 


n p 


BS 


a 

g 


S H 
H > 
u 

H O 

a n 


o 

r* 


ui  I 

is 


4J 

« 


I 


s 

Q 


TABLE  2 BA 

LOADING  FIXTURE  NO.  3 

OCTOL  DENSITY  BY  CORE,  RONS  t WEIGHTED  AVERAGE 
FOR  WAIUnCAOS  AND  RISER  - 2nd  TEST 


«e411 


CORE/ROW 

1 

2 


SEGMENT 

VOLUME 


17  G 
TOTAL.. 
AVERAGE 


RI8EB 


VOLUME  I 


(FIG,.. 31  1.8W 

1.838 


1.838S 


1.813 


1.832 


1.8225 


1.838 


1.836 


1.8370 


1.825 


1.808 


1.833 


1.831 


1.8243 


1.832 


1.827 


1.809 


1.812 


1.810 


1.8103 


1.814 


21.8046 


14.7076 


17.9108 


18413 

gm/cc  X V* 

1.836 
1.839 
1.8375 


1.838 

1.841 


1.8395 


1.838 


1.836 


1.8370 

1.832' 

1.836 


1.834 

1.832 


16.6554 


12.7816 


8.7982 


1.807 


1.808 


1.809 


1.8080 


6.24021  1.811 


21.7928 


14.8448 


17.9108 


16.7399 


8^7869 

6.2298 


99.1099 


1.8313 


18414 


gm/cc 

1.843 


1.8390 


1.845 


1.835 


1.8400 


1.835 


1.835 


1.835 


1.835 


1.834 


1.829 


1.833 


1.8328 


1.823 


1.826 


1.822 


1.811 _ 
1.804 


1.807 


1.8073 


1.8306 


21.8105 


14.8488 


17.8913 


16.7330 


12.7839 


8.7836 

6.2230 


99.0741 


1, 

63i. 

1.622 

1.630 

TABUt  2IB 

bOBDlM  riXTUMt  NO.  10 

OCTOt  MCMBZTy  BY  COM,  ROMI  « NBXOHTBD  AVBRAGB 
rOR  NARBRAOB)  AND  RZBRIUI  - Znd  TIBT 


e 


TABLE  28C 

LOADING  riXTURE  MO.  18 

OCTOL  DENSITY  BY  CORE,  ROWS  t WEIGHTED  AVERAGE 
ITOR  WARHEADS  AMD  RISERS  - 2nd  TEST 


Vi 

114] 

17 

....  1.8^ 

liS 

18491 

X va 

CORS/ROW  1 

SEGMENT 

VOLUME 

gm/aa 

Iv. 

gm/cc 

X Vb 

gn/oo 

1 

"TtTgTW 

1.83< 

1 

i'.sis 

"TTnr^l 

2 

1.S30 

! " 

1.83) 

1.834 

A 

11.16 

.1.U70  . 

31.7861 

1.8)40 

21.7513. 

lx8.l« 

..JI.7573 

9 

1.639 

.^.8)7 

1 

1, 83.S 

4 

1.836 

1.8)6 

1.8)9 

R 

8,07 

1.8)99 

14.8129 

1.8)69 

*4.8206 

1.8)90 

14.8089 

1 

5 

1.8.11 

1.834 

! 

1.832 

t 

li-Ul 

. 1.833 

1.831 

C 

9 . 79 

1.8310 

17.892) 

1.8339 

17.8766 

1.8319 

17.8971 

7 

1.8  ) 

1.828 

1.824 

• 

1.828 

1.829 

1,828 

iECMKMT 
MOM  VOLUME 


17  G 


TOTAL 


AVERA 


3.44 


54.12 


TABLE  2 ID 

LOADING  rXXTURE  NO.  26 

OCTOL  DENSITY  BY  CORE.  RONE  4 NEIOHTBD  AVERAGE 
FOR  NARHBADS  AND  R1SEK6  - 2nd  TEST 
flS26  16528  IBS39 


X Va 


1.133 

1.1320 

21.7275  1 

1.130 

1.130 

) .1300 

14. 7611 

1.129 

1.1275 

17.81R1 

1.797 


1.8165 


1.732 


6.1817 


98.3089 


TABLE  28R 

LOADING  FIXTURE  NO.  34 

OCTOL  DEMS.TTY  BY  CORE,  ROMS  t NEIOHTED  AVERAGE 
FOR  MARHEADS-  AND  RISERS  - 2nd  TEST 


VI 

•8' 

^66 

#856 

8 

#8570 

SEGMENT 

CORE/RON 

VOLUME 

gm/do 

X Vi 

gm/cc 

X V> 

gm/cc 

X Vi 

1 

(fTq.  ir 

1.832 

1.827 

17157' 

2 

1.835 

1.831 

1.837 

A 

11.86 

1.0335 

21.7453 

1.8290 

21.6919 

1.8370 

21.7868 

3 

1.830 

1.837 

1.834 

- 

4 

1.831 

1.832 

1.834 

B 

8.07 

1.8305 

14.7721 

1.8345 

14,8044 

1.8340 

14.8004 

5 

1.829 

1.829 

, 1.825 

6 

1.829 

1.833 

1.832 

C 

^l75_ 

1.829^ 

._17.8328 

1_*8310 

17. 0523 

17.8279 

7 

1.826 

1.825 

1.824 

8 

1.820 

1.824 

1.828 

9 

1.834 

1.824 

1.827 

10 

1.832 

1.823 

1.821 

D 

9.13 

1.8230 

16.6440 

1.8240 

16.6531 

1.8250 

16.6623 

11 

1.801 

1.814 

1.807 

- 

12 

1.814 

1.817 

1.814 

13 

1.800 

1.810 

1.800 

E 

7.01 

1.8050 

12.6531 

1.8137 

12.7130 

1.807 

12.6671 

14 

1.791 

1.790 

Q 1.788 

15 

1.802 

1.795 

1.784 

* 

16 

1.789 

1.788 

1.788 

F 

4.86 

1.7940 

8.7188 

7.7910 

8.7043 

1.7867 

0.6832 

17  G 

3.44 

1.795 

6.1748 

1.794 

6.1714 

1.787 

6.1473 

TOTAL 

54.12 

98.5409 

98.5912 

98.5750 

AVERAGi 

1.8208 

1.8217 

1.8214 

RISER 

1.718 

1.716 

1.707 

34 


TMtU.  3ir 

UIADIMO  rimtKB  NO  42 

OCTOL  DBMim  BY  COM.  RONS  « NKXONTBD  AVERAGE 
rOR  NARBRAOSi  AMD  RXBRRR  - Xnd  TEST 


Vs  ItCOC  l«608  *8609 


99 


TABLE  29 

DRAGCBi  AVEKAGE  OCTOL  DENSITY  DI5TRIBOTION  BY  ROW  LOCATION 
2nd  TEST  - 70/30  VIRGIN  OCTOL  - 5.4  SBC.  VISC 


29  (Cont'd) 


1.8261 

TTEIzW 


AVER. 


1 .8278 
1.8267 
1.8273 


FIGURE  20E 

1»t  TEST  - 70/3t/  OCTOL  - 7.8  SEC.VISC 
LOADING  FIXTURE  NO.  26 


DIST^IBOTION  LIST 


COPIES 


Coiranander 

US  Army  Materiel  Development 
and  Readiness  Command 

ATTN ; DRCDE-D  1 

DRCQA-E  1 

DRCRE-E  1 

DRCMT  1 

5001  Elsenhower  Ave. 

Alexandria,  VA  22333 

Commander 

US  Army  Armament  Research  and 
Development  Command 


ATTN;  DRDAR-LCE  1 

DRDAR-LCM  1 

DRDAR-LCU-E  3 

DRDAR-QAR  1 

DRDAR-QAR-Q  2 

DRDAR-QAR- R 12 

DRDAR-QAT-R  1 

DRDAR-QAT-Q  1 

DRDAR-TSS  5 

Dover,  NJ  07801 


Commander 

US  Army  Armament  Research  and 
Development  Command 

ATTN:  Ballistics  Research  Laboratory 

DRDAR-BLT  (JULES  SIMON)  2 

DRDAR-BLT  (JAMES  E,  COLE)  2 

Aberdeen  Proving  Grotind,  MD  21005 

Commander 

Iowa  Army  Ammunition  Plant 

ATTN:  SARIO-Q  5 

Middletown , I A 52638 

Commander 

US  Army  Armament  Materiel  Readiness 


Command 

ATTN:  DRSAR-ASI  1 

DRSAR-PDM  1 

DRSAR-QAM-P  1 

DRSAR-RDP  1 


Roc)c  Island,  IL  61201 
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DISTRIBOTICTI  LIST  (CONT) 


COPIES 


Comnander 

US  Army  Armament  Materiel  Readinees 
Conmand 

ATTN:  DRSAR>MAO-C  1 

Dover,  NJ  07801 

Commander 

US  Army  Mlseile  Materiel  Readiness 
Command 

ATTN:  DRCPM-MH 

DRCPM-MWG 

Huntsville,  AL  35809 

Defense  Documentation  Center 
Cameron  Station  12 

Alex2mdrla,  VA  22314 

Officer  In  Charge 

Naval  Materiel  Industrial  Resources  Office 

ATTN:  Henry  Shapiro  2 

Philadelphia,  PA  19112 

Commander 

Naval  Surface  Meapons  Center 

ATTN:  Jeffrey  M,  Narren  2 

Code  DG-33 
Dahlgren,  VA  22 448 
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